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Abstract

We have proposed a design and automatic proof method for ipelined CPUs with in-order
execution. In a design, we carry out the following step-wise re)gnement to obtain a RT level.
First we decide an action of each pipeline stage and arrange those stages in an order, and
next pile up those actions with forwarding and stalling introduced. At the correctness proof
of a realization, we check that for each pipiline stage in a realization, a verification condition
holds using our algebraic methods. We made the verification support system based on the
above method, and partly carried out the correctness proof of a 5-stage pipelined CPU, whose
instruction set is composed of 11 instructions.
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else if (get_srci1(IR(s)) = O) then O

else r_get(RF(s),get_src1(IR(s))))

LWL DPHND., if LEx FDOEBEIC L > TH

By BL—FVIZLoT, TOADBDIf TIZLT

D420RIIHGEEND,

& 1: (get_mt(get_op(IR(s))) = ALU and
get_nt(get_op(IR(s))) = LOADI)

FiE1: 0

% 2: (not(get_mt(get_op(IR(s))) = ALU and

get_nt(get_op(IR(s))) = LOADI)) and
(get_mt(get_op(IR(s))) = BRA and
get_nt(get_op(IR(s8))) = SPIMP)

#E2: 0

%4 3: (not(get_mt(get_op(IR(s))) = ALU and

get_nt(get_op(IR(s))) = LOADI)) and
(not(get_mt(get_op(IR(s))) = BRA and

get_nt(get_op(IR(8))) = SPIJMP)) and
(get_srci(IR(8)) = 0)

#k3: 0

%1 4: (not(get_mt(get_op(IR(s))) = ALU and

get_nt(get_op(IR(s))) = LOADI)) and
(not(get_mt(get_op(IR(s))) = BRA and

get.nt(get_op(IR(8))) = SPJMP)) and
(not(get_src1(IR(s)) = 0))

45 4: r_get(RF(s),get_srci(IR(s)))

get_mt(get_op(IR(s))) = LOAD D& %% 2 1T,
XS BLTADOLEI NS, £IT, AL,
(if Z2f8 3 then 44K 3 else if 42 4 then A4k 4 else
PC(s)) oMb S 5.
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FRAF 4 R—2a v VIRAIDA VT v 7 AT HIK
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T, V-AVIYRY, FAT AR —=YavyVIRY
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INZX CPU BRI (3) | /1% CPU iR (¥)
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o FATHRII3 D ADD [©] 0.02 ] o FAT@AE 30 ADD <) 72.70
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4FDIELT LOAD | STORE [(B) 150 | 5 F»i343 LOAD | STORE [(b) 0.70
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LOAD [ (d) 0.02 AND (d 3.28
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NOT (B) 6.97 NOT (B)_ 0.70
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LOAD [T(d] 82.05 STORE [T(d] 340
ADD LOAD
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T4-T4 1) 0.03 | *% 64MB £/
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o forwarding % L (d) 0.27
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